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Abstract
Motivated by the gauge theory of gravity with local scaling symmetry proposed recently in [1, 2],
we investigate whether the scalar field therein can be responsible for the inflation. We show that
the classical theory would suffer from the difficulty that inflation can start but will never stop.
We explore possible solutions by invoking the symmetry breaking through quantum effects. The
effective potential of the scalar field is shown to have phenomenologically interesting forms to give
viable inflation models. The predictions of physical observables agree well with current cosmological
measurements and can be further tested in future experiments searching for primordial gravitational
waves.
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I. INTRODUCTION
Inflation has been one of the popular paradigms to solve several notable problems in cos-
mology since 1980s. It provides a basic framework to explain the origins of initial conditions
in standard big-bang theory. In the inflationary epoch, a scalar field is usually dominating
the energy density of the universe and results in an exponential expansion of the back-
ground spacetime. Quantum fluctuation of this scalar field is responsible for the primordial
inhomogeneity and anisotropy that will lead to our observed cosmos.
Motivated by the gauge theory of gravity with local scaling symmetry proposed recently
in [1, 2], we investigate whether the scalar field therein can be responsible for the inflation.
In Refs. [1, 2], a general hyperunified field theory of gravity is constructed, incorporating
the spin gauge group and local scaling symmetry. To make the theory scaling invariant,
a fundamental real scalar field φ and its corresponding Weyl gauge field Wµ have to be
introduced. Another basic field χaµ is related with the traditional metric tensor through
gµν = χ
a
µχ
b
νηab where the sign convention ηab = (1,−1,−1,−1) is adopted.
Induced gravity can be generally referred as theories where the Planck scale is generated
by other fields [3, 4]. In the literature, global scaling symmetry has been used in building
inflation models (see [5–15] for examples), aiming to introduce no dimensional parameters or
explain the heirarchies between different energy scales. As we shall see, whether the scaling
symmetry is global or local actually has some important differences. In the presence of a
local symmetry, not only a Weyl gauge field has to be accompanying, but also some new
term concerning the scalar field appears. Furthermore, the local scaling symmetry indicates
the existence of a fundamental energy scale [1, 2].
This paper is arganized as follows. In Sec. II we discuss the theoretical formalism briefly
and illustrate how the classical scaling invariant theory would not be able to give viable
inflation. Then in Sec. III we show how quantum effects can break the scaling symmetry
and induce an effective potential so as to provide viable inflation models. The numerical
investigation is presented in Sec. IV, with Fig. 3 as the main numeric result. Finally, we
give our conclusion.
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II. FORMALISM
The full theory and its formalism has been presented in detail in Ref. [1, 2], where the
gauge-gravity and gravity-geometry correspondences are explicitly demonstrated to obtain
the conformal scaling gauge invariant Einstein-Hilbert action for gravitational interaction
with a fundamental scalar field 1. For our interest in inflation, we may study the most
relevant action with the traditional metric tensor gµν = χ
a
µχ
b
νηab. The action can be
written as follows
S ≡
∫
d4xL =
∫
d4x
√−g
[
α
(
φ2R− 6∂µφ∂µφ
)
+
1
2
DµφD
µφ− β
4!
φ4 − 1
4
WµνW
µν
]
, (2.1)
where g ≡ det (gµν), α and β are constant parameters that will be decided by observations,
and covariant derivative Dµ for real scalar field φ is given by Dµφ = (∂µ − gWWµ)φ (note
that there is no factor i in front of gW , different from usual U(1) theory), gW is a coupling
associated with Weyl gauge field Wµ. Note that the action is just a subset of the whole
action which should include other matter fields (such as fields in standard model) whose
effects will be discussed shortly.
We can also explicitly add a term δL that does not share the same symmetries as other
terms. As we will show later, δL is actually crucial to realize a realistic inflation. The
above theory has no intrinsic energy scale in the Lagrangian except in δL. As long as the
dimensional parameters in δL are much smaller than the relevant physical scale, such a
theory has the classical scaling symmetry which will be broken by quantum effects. We
shall discuss more about this point in Sec. III.
At the moment, let us first ignore δL and focus on the other parts. Each term in the the
rest of the action is invariant under local conformal scaling symmetry or Weyl symmetry
with a positive function λ (x):
gµν (x)→ g¯µν (x) = λ2 (x) gµν (x) ,
φ (x)→ φ¯ (x) = λ−1 (x)φ (x) ,
Wµ (x)→ W µ (x) = Wµ (x)− 1
gW
∂µ lnλ (x) . (2.2)
If the above symmetry is exact or when we only consider the classical dynamics, we can
easily see that for any generic g (x) and φ (x) it is possible to make a local transformation,
1 One may also look into the nice introductory review [16] for gauge theory of Einstein’s gravity.
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by choosing a proper λ (x), to have either
√−g¯ = 1 or φ¯ (x) = const, but not simultaneously2.
If the symmetry was global, Wµ would be absent. Also the second term in parenthesis with
negative sign −6∂µφ∂µφ is dropped as in Refs. [6–10].
Before discussing the theory in Eq. 2.1, we shall warm up with the following action
S =
∫
d4x
√−g
[
α
(
φ2R− 6gµν∂µφ∂νφ
)− β
4!
φ4
]
, (2.3)
which still preserves the local conformal symmetry
gµν (x)→ g¯µν (x) = λ2 (x) gµν (x) , φ (x)→ φ¯ (x) = λ−1 (x)φ (x) . (2.4)
At first glance, the above theory seems to add a scalar degree of freedom (dof) to Ein-
stein’s general theory of gravity and mimics the scalar-tensor theory. However, if we make
a redefinition of metric field
g¯µν (x) = Ω
2 (x) gµν (x) , (2.5)
where Ω (x) ≡ √2αφ/Mp, M2p ≡ 1/(8piG) is the Planck scale. We can rewrite the action
with the new field variables∫
d4x
√−g¯Ω−4
{
α
[
φ2Ω2
(
R¯− 6 ln Ω + 6g¯µν∂µ ln Ω∂ν ln Ω
)− 6gµν∂µφ∂νφ]− β
4!
φ4
}
.
We have used the relation
R = Ω2
[
R¯− 6 ln Ω + 6g¯µν∂µ ln Ω∂ν ln Ω
]
,  ln Ω = 1√−g¯ ∂µ
(√−g¯g¯µν∂ν ln Ω) .
The second term in the square bracket will eventually lead to a total derivative and vanishes
on the surface, and the third term cancels with the derivatives of φ. After substituting Ω,
we can obtain
S =
∫
d4x
√−g¯
{[
M2p
2
(
R¯− 6 ln Ω + 6g¯µν∂µ ln Ω∂ν ln Ω
)− 6αΩ−4gµν∂µφ∂νφ]− β
4!
M4p
4α2
}
=
∫
d4x
√−g¯
[
M2p
2
R¯− β
4!
M4p
4α2
]
. (2.6)
This is exactly the Einstein-Hilbert action with a cosmological constant Λ =
β
4!
M4p
4α2
that
leads an exponential expansion of Universe for β > 0. This also shows that total number
2 Note that |g¯| = 1 does not always mean flat geometry. According to Weyl-Schoutem theorem, a Rie-
mannian manifold with dimension n ≥ 4 is conformally flat if and only if the Weyl tensor vanishes.
Nevertheless, for our interest in inflation, we will always focus on the case where the metric is conformally
flat, gµν = a
2 (x) ηµν , where a (x) is the scale factor.
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of physical dofs does not differ from Einstein’s gravity. Extending the discussion into the
framework of quantum field theory does not change the above conclusions since the number
of dofs does not change from classical to quantum theories. This conclusion is also true even
if we break the local scaling symmetry by adding to the potential with terms that depend on
φ only but not on its derivatives. Adding symmetry-breaking derivative terms would make
significant different, as we shall show shortly.
We can get the same result in a different way by choosing λ (x) = Ω (x) in Eq. 2.4
L = √−g¯
[
α
(
φ¯2R¯− 6g¯µν∂µφ¯∂νφ¯
)− β
4!
φ¯4
]
φ¯=
Mp√
2α−−−−→ √−g¯
[
M2p
2
R¯− β
4!
M4p
4α2
]
, (2.7)
which effectively chooses a frame φ (x) = Mp/
√
2α. An interesting observation is that if we
choose λ (x) = a−1 (x)(a(x) is the scale factor in Friedmann-Walker metric), in such a case
we would have the action in a flat spacetime,
R¯ = 0 and S =
∫
d4x
[
−6αηµν∂µφ¯∂νφ¯− β
4!
φ¯4
]
. (2.8)
The equation of motion for φ¯ is
ηµν∂µ∂νφ¯− β
72α
φ¯3 = 0, (2.9)
which has a non-trivial solution
φ¯ (x) =
M
C ± x · k , η
µνkµkν =
βM2
144α
. (2.10)
Here C is an arbitrary constant that should be determined by initial conditions, k is a
constant four-vector and M is an arbitrary energy scale due to the scaling invariance of
this equation. When we consider homogeneous and isotropic configuration, we have φ¯ (x) =
M/ (C ± x0k0) which has the same forms as the solutions for exponential expansion or
contraction of the Universe. The above discussions show how equivalent results can be
obtained in two different frames. In the following, we shall mainly focus on the former or
Einstein frame, which has the advantages when comparing with experiments since essentially
all physical observables are extracted in Einstein frame.
Now we are in the position to discuss the Lagrangian with Weyl gauge field, again ignoring
δL at the moment,
L = √−g
[
α
(
φ2R− 6∂µφ∂µφ
)
+
1
2
DµφD
µφ− β
4!
φ4 − 1
4
WµνW
µν
]
. (2.11)
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In this theory, even if the symmetry is preserved, scalar φ is a physical degree of freedom.
This can be easily shown by replacing φ = v, the massless gauge boson Wµ gets a mass term
from its interaction with φ, g2Wφ
2WµW
µ. Then φ is absorbed by Wµ as the longitudial mode,
similar to the Higgs mechanism in usual gauge theories. However, even if φ is dynamical,
viable inflation is not guaranteed. Again, if the local conformal symmetry is exact, inflation
can occur but will never stop. To see it explicitly, let us work in the Einstein frame with
g¯µν = Ω
2 (x) gµν ,
S =
∫
d4x
√−g¯
[
M2p
2
R¯ +
1
2
Ω−2g¯µνDµφDνφ− β
4!
M4p
4α2
− 1
4
g¯µρg¯νσWµνWρσ
]
. (2.12)
Rewriting the second term as
Ω−2g¯µνDµφDνφ =
M2p
2α
g¯µν
(
1
φ2
∂µφ∂νφ− 2gW
φ
Wµ∂νφ+ g
2
WWµWν
)
= g¯µν (∂µσ −mWWµ) (∂νσ −mWWν) , (2.13)
where σ (x) =
Mp√
2α
ln
φ (x)
Mp
, mW=
gWMp√
2α
. Now if we redefine the new gauge field
W µ = Wµ − 1
mW
∂µσ,
we will get an action without kinetic term for σ,
S =
∫
d4x
√−g¯
[
M2p
2
R¯− β
4!
M4p
4α2
− 1
4
g¯µρg¯νσW µνW ρσ +
1
2
m2WW
µ
W µ
]
. (2.14)
The theory now becomes Einstein’s gravity with a cosmological constant and a massive
vector field W µ. When W µ plays no role in inflation, this theory will have the same difficulty
that inflation can start but will not stop. If W µ plays the role as inflaton [17], it will suffer
instability and turns out to be pathological [18].
It should be clear by now that the above theories with exact local scaling symmetry
would not be able to give realistic inflation models that lead to our present universe. In
next section we shall discuss how possible terms might arise in δL can break the local
conformal symmetry and lead to viable inflation models.
III. BREAKING OF SCALING INVARIANCE BY QUANTUM EFFECTS
In this section, we mainly discuss one way to break the scaling symmetry by quantum
effects and more options will be briefly outlined in the end of this section. Let us take a step
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FIG. 1. Quantum correction to effective potential. Both φ and Wµ can appear in the loop.
back and work in a familiar and well-understood background, the flat spacetime, the action
of Eq. 2.11 is reduced to
S =
∫
d4x
[
−6αηab∂aφ∂bφ+ 1
2
DaφD
bφ− β
4!
φ4 − 1
4
WabW
ab
]
. (3.1)
Strictly speaking, the subscript a, b = 0, 1, 2, 3 should be interpreted as the index in the local
flat frame, within the standard formalism of differential geometry. For our purpose here,
without confusion we will use them as same as greek index.
When quantum corrections are taken into account, something interesting arise from dia-
grams in Fig. 1, which would contribute to the effective potential U(φ) for φ. All of these
diagrams are UV divergent, so as standard in quantum field theories, proper counterterms
have to be introduced to cancel the divergences. The finite leftover of these cancellations
can be determined by renormalization conditions, which equivalently fix the physical input
parameters at the renormalization scale v. In general, we can write down the finite effective
potential U(φ) as
U(φ) = Av4 +Bv2φ2 + Cφ4, (3.2)
where A,B and C are dimensionless functions of φ2/v2, whose values are determined by
renormalization conditions. For example, in Coleman-Weinberg mechanism [19], in order to
have dimensional transmutation from radiative symmetry breaking, the following conditions
are imposed
U(0) = 0, U ′(v) = 0, U ′′(0) = 0, (3.3)
which lead A = 0, B = 0 and C ∝
(
ln
φ2
v2
− 1
2
)
. Since our motivation is different from
that in Coleman-Weinberg mechanism, we have freedoms in choosing the renormalization
conditions for phenomenological studies. Nevertheless, in all cases, it is evidently that in-
troduction of v explicitly breaks the scaling symmetry, which can have significant effects on
constructing viable inflation models. Actually, inflation in the original Coleman-Weinberg
potential is known to be inconsistent with current observations, which requires modifica-
tion [20] to fit the data.
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We give some alternative ways to break scaling symmetry that requires some extra fields.
The first one is to introduce a new Yukawa interaction between φ and some strongly inter-
acting sector, a fermion Ψ with non-Abelian gauge interactions, for instance. Then, terms
like φΨ¯Ψ will induce a linear potential for φ when the confinement happens, 〈Ψ¯Ψ〉 6= 0.
Appearance of linear term φ can explicitly break the scaling symmetry. Similar mechanism
has been used in [21, 22] to resolve the heirarchy problem in standard model. On the other
hand, when the Yukawa interaction becomes strong with a large Yukawa coupling constant,
it can also induce a significant quadratic potential term for φ to cause a dynamical symme-
try breaking [2, 23]. The second possibility is achieved through an interaction with a new
complex scalar field, S, with its own gauge interaction. The gauge symmetry can be radia-
tively broken through Coleman-Weinberg mechanism, then terms like φ2S†S might trigger
the breaking of scaling symmetry in the φ sector. Models with multiple scalar fields are also
discussed in Ref. [24, 25].
IV. INFLATION WITH INDUCED LOCAL SCALING SYMMETRY BREAKING
At this moment, we have all the ingredients to present a realistic inflation model. We
use the effective potential U(φ) and keep δL in Eq. (2.5)
S =
∫
d4x
√−g
[
α
(
φ2R− 6∂µφ∂µφ
)
+
1
2
DµφD
µφ− U(φ)− 1
4
WµνW
µν + δL
]
, (4.1)
δL will include terms such that redefinition of fields does not make φ undynamical. There-
fore, φ might be responsible for the inflation. A physical condition for the effective potential
U(φ) is that U ' 0 at the minimum (or not greater than present dark energy’s energy
density). For simplicity, at leading order we shall take
U(φ) ∝ β¯ (φ2 − v2)2 . (4.2)
We shall keep in mind that numerical value for β¯ here could be different from previous β
since β¯ is an effective renormalized quantity and runs with renormalization scale. So, even
if we start with β = 0 at some scale, quantum corrections will still induce non-vanishing β¯.
This type of potential can be achieved through the following renormalization condition after
expanding at v,
U(v) = 0, U ′(v) = 0, U ′′(v) 6= 0. (4.3)
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Technically speaking, there are logarithmic terms which indicate theoretical parameter’s
scale-dependence or the RG effects which are usually small for perturbative couplings. As
long as φ is dominating the energy density in the inflationary epoch, we can neglect Wµ’s
contribution and work with the following action,
S =
∫
d4x
√−g
[
α
(
φ2R− 6gµν∂µφ∂νφ
)
+
1
2
gµν∂µφ∂νφ− β¯
4!
(
φ2 − v2)2] . (4.4)
As already pointed out, this theory does not have the local conformal scaling symmetry
due to the presence of v. We can still make the same redefinition of the metric field,
gµν (x) = Ω
−2 (x) g¯µν (x), and transform into the Einstein frame,
S =
∫
d4x
√−g¯
[
M2p
2
R¯ +
1
2
Ω−2g¯µν∂µφ∂νφ− β¯
4!
M4p
4α2
(
1− v
2
φ2
)2]
=
∫
d4x
√−g¯
M2p2 R¯ + 12 g¯µν∂µσ∂νσ − β¯4! M4p4α2
[
1− v
2
M2p
exp
(
−2
√
2α
Mp
σ
)]2 , (4.5)
where σ (x) =
Mp√
2α
ln
φ (x)
Mp
. The theory becomes Einstein’s gravity plus a scalar field σ
with potential
F (σ) =
β¯
4!
M4p
4α2
[
1− v
2
M2p
exp
(
−2
√
2α
Mp
σ
)]2
. (4.6)
It is now clear why we need to both introduce the kinetic term and modify the potential.
Without the kinetic term, the scalar is not dynamical but just an auxiliary field. While
if v = 0, the scalar σ is massless with a flat constant potential and there will be no way
to stop once inflation starts. We may also compare the above potential with the one in
Starobinsky’s inflation model, F (σ) ∝
[
1− exp
(
−
√
2
3
σ
Mp
)]2
, which has no free parameter
and is less flexible than our model. Predictions of the physical parameters will also be
different, as we shall show soon. We have also checked that the inflation potential in this
model, Eq. 4.6, has not been collected in Encyclopedia Inflationaris [26]. Meanwhile, we
note that the model with global scale invariance (without 6∂µφ∂
µφ in the action) would
have the following potential that can be computed in similar spirit,
F (σ) ∝
[
1− v
2
M2p
exp
(
− 2σ
Mp
√
2α
1 + 12α
)]2
. (4.7)
It goes into Eq. 4.6 only in the limit of 12α 1.
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FIG. 2. Shape of the potential F (σ) in Eq. 4.6 for α = 0.5(solid) and α = 0.1(dashed) while
keeping αv2 = M2p /2. Flatness or slow-roll conditions can be respected as long as σ is far away
from the minimum point.
The shape of the potential F (σ) in Eq. 4.6 is shown in the Fig. 2 for α = 0.5(solid) and
α = 0.1(dashed) while keeping αv2 = M2p/2, and an overall factor has been normalized to 1
since the shape has no dependence on it, i.e.,
F (σ) /
β¯
4!
M4p
4α2
=
[
1− 1
2α
exp
(
−2
√
2α
Mp
σ
)]2
.
The minimum of the potential is reached at
σ0 =
Mp√
2α
ln
1√
2α
. (4.8)
The physical mass of σ around σ0 is given by
mσ =
√
β¯
12α
Mp. (4.9)
Now we can use the standard slow-roll inflation formalism. The slow-roll parameters are
calculated as
 ≡ 1
2
M2p
(
Fσ (σ)
F (σ)
)2
=
16αv4
[v2 − φ2]2 , (4.10)
η ≡M2p
Fσσ
F (σ)
=
16αv2 [2v2 − φ2]
[v2 − φ2]2 , (4.11)
ξ2 ≡M4p
FσFσσσ
F 2
=
256α2v4 [4v2 − φ2]
[v2 − φ2]3 , (4.12)
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where we has used φ = Mp exp
(√
2α
Mp
σ
)
. As long as the slow-roll conditions   1 and
|η|  1 are satisfied, the Universe is undergoing a quasi-exponential expansion. When slow-
roll conditions are violated, the Universe will exit from inflation. Then the inflaton σ will
oscillate around the minimum and decay into other light particles to reheat the Universe.
These parameters are related with physical observables, scalar spectral index for the scalar
power spectrum
ns = 1− 6+ 2η = 1− 32αv
2 [v2 + φ2]
[v2 − φ2]2 , (4.13)
and tensor-to-scalar ratio r = 16. Both are constrained by the recent Planck results [27],
ns = 0.968± 0.006 and r . 0.12. The running of scalar spectral index is small and given by
at second-order,
dns
d ln k
' −82(3− 2η)− 2ξ2 = −512α
2v4φ2 (3v2 + φ2)
(v2 − φ2)4 , (4.14)
where k is the wave-number. Current observation gives dns/d ln k = −0.003±0.007 [27], con-
sistent with zero. The overall amplitudes of scalar and tensor power spectrum are expressed
as
∆2s (k) ≈
1
24pi2
F
M4p
1

∣∣∣∣
k=aH
, ∆2t (k) ≈
2
3pi2
F
M4p
∣∣∣∣
k=aH
, (4.15)
where the pivot wave-number k is usually taken at k = 0.05Mpc−1, and ∆2s (k) ∼ 2.2× 10−9
as measured in Planck [27]. Also, the e-folding number N ,
N ≡ ln a(tend)
a(t)
=
∫ tend
t
Hdt ' 1
Mp
∫ σ
σend
dσ√
2
=
1√
2α
∫ φ
φend
dφ√
2φ
, (4.16)
should be comparable to ∼ 60 in order to solve the flatness problem.
Although inflation could happen at both regions φ < v or φ > v, cosmological observa-
tions has selected the regime φ > v. This can be easily seen from the slow-roll parameter
η ' 2 for φ v, which leads ns = 1−2 or ns = 1−r/8. Since Planck gives limit r . 0.12,
it would give ns & 0.985 in this region, disfavored by the observation limit ns = 0.968±0.006.
So only φ > v might be able to give viable models. In such a case, slow-roll conditions are
respected as long as φ2 > φ2end ≡ (1 + 4
√
α) v2.
We numerically compute the corresponding scalar spectral index and tensor-to-scalar
ratio with different e-folding numberN = 50 and 60, and illustrate the theoretical predictions
in cases with different α, α = 0.002, 0.005, 0.02 and 0.5 (from top to bottom) in Fig. 3. The
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FIG. 3. Comparison with observations for α = 0.002, 0.005, 0.02 and 0.5 (from top to bottom).
The predictions for (ns, r) are shown for e-folding number N = 50(square) and 60(circle), in
comparison with the shaded regions favored by Planck [27] with 1-σ (blue) and 2-σ (orange).
Dashed red lines show the gradual changes from N = 50 to N = 60. In all cases, the running
index dns/d ln k ' −5 × 10−4. We also show (ns, r) for the same α in models with global scaling
symmetry whose potential is given by Eq. 4.7, marked by cross and star symbols.
results are shown with different markers for N = 50(square) and 60(circle), in comparison
with shaded regions favored by Planck [27] with 1-σ (blue) and 2-σ (orange). In all cases,
the running index is very small, dns/d ln k ' −5 × 10−4. We also show with dashed red
lines the gradual changes when e-folding number N goes from 50 to 60. It is clearly seen
that the theory can fit the observation quite well and fall into the 1-σ region. Part of
the parameter region will be probed by future cosmological experiments, especially those
searching for primordial gravitational wave. In comparison, Starobinsky’s inflation will give
ns ≈ 1 − 2/N ∼ 0.967 and r ≈ 12/N2 ∼ 0.003 for N = 60. We also calculate ns and r
for the same α in models with global scaling symmetry whose potential is given by Eq. 4.7,
marked by cross and star symbols. It explicitly shows that the difference gets smaller as α
approaches to 0.
From the amplitude of scalar power spectrum, we can estimate the quartic coupling in the
12
effective potential β¯ ∼ 1.2α×10−9, which is typical in inflationary models since it is basically
the inferred primordial density fluctuation ∼ 10−5 that determines the overall height of the
potential, see Eq. 4.15 for the exact relation. In a sense, there is only one free parameter in
this inflation model, α, since others are entirely determined by current observations.
V. CONCLUSION
Motivated by the gauge theory of gravity with local conformal scaling symmetry proposed
recently by one of the authors, Wu [1, 2], we have investigated the possible inflationary
dynamics of the scalar field therein. We have shown that the classical theory would not
be able to give viable inflation due to the local scaling invariance which dictates an eternal
exponential expansion. However, once quantum effects are taken into account, the effective
potential can have phenomenologically interesting forms that lead to viable inflation models.
Main of our numerical results are illustrated in Fig. 3, which shows that the theoretical
predictions of spectral index and scalar-to-tensor ratio in this modela agree with current
observations within 1-σ. These parameter space will also be partially probed by future
cosmological experiments, such as those searching for primordial gravitational waves.
ACKNOWLEDGMENTS
YT is supported by the Grant-in-Aid for Innovative Areas No.16H06490. YLW is sup-
ported in part by the National Science Foundation of China (NSFC) under Grants #No.
11690022, No.11475237, No. 11121064, No. 11747601, and by the Strategic Priority Re-
search Program of the Chinese Academy of Sciences, Grant No. XDB23030100, and by the
CAS Center for Excellence in Particle Physics.
[1] Y.-L. Wu, Hyperunified field theory and gravitational gauge–geometry duality, Eur. Phys. J.
C78 no. 1, (2018) 28 [arXiv:1712.04537].
[2] Y.-L. Wu, Quantum field theory of gravity with spin and scaling gauge invariance and
spacetime dynamics with quantum inflation, Phys. Rev. D93 no. 2, (2016) 024012
[arXiv:1506.01807].
13
[3] A. Zee, A Broken Symmetric Theory of Gravity, Phys. Rev. Lett. 42 (1979) 417.
[4] S. L. Adler, Einstein Gravity as a Symmetry-Breaking Effect in Quantum Field Theory, Rev.
Mod. Phys. 54 (1982) 729. [,539(1982)].
[5] C. Wetterich, Cosmology and the Fate of Dilatation Symmetry, Nucl. Phys. B302 (1988)
668–696 [arXiv:1711.03844].
[6] M. Rinaldi, G. Cognola, L. Vanzo, and S. Zerbini, Inflation in scale-invariant theories of
gravity, Phys. Rev. D91 no. 12, (2015) 123527 [arXiv:1410.0631].
[7] K. Kannike, G. Hu¨tsi, L. Pizza, A. Racioppi, M. Raidal, A. Salvio, and A. Strumia,
Dynamically Induced Planck Scale and Inflation, JHEP 05 (2015) 065 [arXiv:1502.01334].
[8] P. G. Ferreira, C. T. Hill, J. Noller, and G. G. Ross, Inflation in a scale invariant universe,
[arXiv:1802.06069].
[9] C. Csaki, N. Kaloper, J. Serra, and J. Terning, Inflation from Broken Scale Invariance,
Phys. Rev. Lett. 113 (2014) 161302 [arXiv:1406.5192].
[10] D. I. Kaiser, Primordial spectral indices from generalized Einstein theories, Phys. Rev. D52
(1995) 4295–4306 [astro-ph/9408044].
[11] J. Garcia-Bellido, J. Rubio, M. Shaposhnikov and D. Zenhausern, Phys. Rev. D 84, 123504
(2011) [arXiv:1107.2163 [hep-ph]].
[12] K. Kannike, A. Racioppi and M. Raidal, JHEP 1601, 035 (2016) [arXiv:1509.05423
[hep-ph]].
[13] A. Salvio, Eur. Phys. J. C 77, no. 4, 267 (2017) [arXiv:1703.08012 [astro-ph.CO]].
[14] A. Karam, L. Marzola, T. Pappas, A. Racioppi and K. Tamvakis, JCAP 1805, no. 05, 011
(2018) [arXiv:1711.09861 [astro-ph.CO]].
[15] C. Pallis and Q. Shafi, Induced-Gravity GUT-Scale Higgs Inflation in Supergravity,
[arXiv:1803.00349].
[16] F. W. Hehl, P. Von Der Heyde, G. D. Kerlick, and J. M. Nester, General Relativity with
Spin and Torsion: Foundations and Prospects, Rev. Mod. Phys. 48 (1976) 393–416.
[17] L. H. Ford, Inflation Driven By A Vector Field, Phys. Rev. D40 (1989) 967.
[18] B. Himmetoglu, C. R. Contaldi, and M. Peloso, Instability of anisotropic cosmological
solutions supported by vector fields, Phys. Rev. Lett. 102 (2009) 111301 [arXiv:0809.2779].
[19] S. R. Coleman and E. J. Weinberg, Radiative Corrections as the Origin of Spontaneous
Symmetry Breaking, Phys. Rev. D7 (1973) 1888–1910.
14
[20] S. Iso, K. Kohri, and K. Shimada, Small field Coleman-Weinberg inflation driven by a
fermion condensate, Phys. Rev. D91 no. 4, (2015) 044006 [arXiv:1408.2339].
[21] T. Hur and P. Ko, Scale invariant extension of the standard model with strongly interacting
hidden sector, Phys. Rev. Lett. 106 (2011) 141802 [arXiv:1103.2571].
[22] M. Holthausen, J. Kubo, K. S. Lim, and M. Lindner, Electroweak and Conformal Symmetry
Breaking by a Strongly Coupled Hidden Sector, JHEP 12 (2013) 076 [arXiv:1310.4423].
[23] D. Bai, J. W. Cui, and Y. L. Wu, Phys. Lett. B746, 379 (2015).
[24] H. Nishino and S. Rajpoot, Implication of Compensator Field and Local Scale Invariance in
the Standard Model, Phys. Rev. D79 (2009) 125025 [arXiv:0906.4778].
[25] I. Bars, P. Steinhardt, and N. Turok, Local Conformal Symmetry in Physics and Cosmology,
Phys. Rev. D89 no. 4, (2014) 043515 [arXiv:1307.1848].
[26] J. Martin, C. Ringeval, and V. Vennin, Encyclopedia Inflationaris, Phys. Dark Univ. 5-6
(2014) 75–235 [arXiv:1303.3787].
[27] Planck , P. A. R. Ade et al., Planck 2015 results. XX. Constraints on inflation, Astron.
Astrophys. 594 (2016) A20 [arXiv:1502.02114].
15
